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Refinement of Rothermel's (1972) fire spread model requires additional knowledge about natural fuels. Susott (1982) used 
thermogravimetric analysis (TGA) to provide qualitative information about forty-three typical fuels. Five of these were further studied because their thermal decomposition curves were characterized by unusually strong peaks from combustible volatiles of unknown origin. These five tissues were: larch (Larix occidentalis) wood; Douglas-fir (Pseudo- tsuqa menziesii) bark; and the foliage of gallberry (Ilex glabra), ponderosa pine (Pinus ponderosa), arid big sagebrush (Artemisia tridentata). The objective was to isolate and identify the chemical sources of these volatiles. The effects of methodical fractionation were monitored by TGA before and after treatment. Arabinogalactan was identified as the source of 325-350 C volatiles from larch wood. Suberin, a major component of Douglas-fir bark, decomposed above 400 C. Foliage from gallberry, ponderosa pine, and sagebrush all contain 
cutin, the material responsible for their volatiles above 400 C. The thermal behaviors of cutin and suberin were much alike because of similarities in their chemical composition.The presence of these chemical components can lead to similar thermal behavior in numerous other plant tissues.
The second portion of this investigation concentrated on a possible quantitative use for TGA. Foliage samples from eight 
woody species were studied: Siberian elm (Ulmus pumila), paperbirch (Betula papyrifera), northern red oak (Quercus borealis), ga11 berry (iTex glabra), sycamore (Platanus occidental is),Texas red oak (Quercus texana), yaupon (Ilex vomitoria), and laurel cherry (Prunus caroliniana) . Both TGA and a published chemical method were used to assess the cutin content of 
each tissue. The usefulness of TGA for quantitative work could not be determined from comparisons between the two methods, but TGA was more useful for distinguishing between species, genera, and growth habits. Further research is necessary to ascertain the quantitative worth of TGA.
n
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CHAPTER 1
INTRODUCTION
A. PROBLEM INTRODUCTION
The ability to predict fire behavior is necessary for 
fuel management in our forests and rangelands and for 
controlling wildland fires. A mathematical model developed 
by Rothermei (1972) and modified by Albini (1976) has 
provided predictions which are acceptable in numerous field 
situations (Sneeuwjagt and Frandsen 1977). This fire 
behavior model was based on results from a limited variety 
of fuels tested in the laboratory and, thus, could be 
improved and extended in its application. One area in need 
of further research is a better understanding of the 
combustion properties of a wider range of forest fuels 
(Susott 1982). Detailed thermal reactions of the chemical 
components of the fuels in part control combustion 
properties, but the complex nature of forest fuels prohibits 
the description of their thermal reactions.
To overcome this difficulty, Susott (1982) 
characterized the overall decomposition and volatile 
generation process of forty-three typical forest fuels, 
including foliage, wood, small stems, and bark. In Susott's
1
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technique, (combustible gas analysis), plant tissues were 
heated slowly at a constant rate from 0 to 500 C in a 
nitrogen atmosphere. The volatile pyrolysis products 
generated were quantified by a gas phase titration with 
oxygen (Susott et al. 1979, Susott 1980). The resulting 
curve approximates the time derivative of the 
thermogravimetric curve (DTG) with characteristic peaks that 
correspond to the decomposition of known components in the 
tissue (personal communication with R. A. Susott, January 
1982).
Three broad temperature regions 100 C wide were 
identified, where constituents with similar stability 
decompose (Susott 1982). The region between 200 and 300 C 
is dominated by volatiles from extractable materials (Susott 
1980) while the polymers of hemicelluloses, cellulose, and 
lignin break down at their greatest rate between 300 and 
400 C (Beall 1969, Shafizadeh and McGinnis 1971). 
Combustible vapors above 400 C have been attributed to more 
stable components (Susott 1982), possibly lignin, or a 
lignin-like compound composed of aromatic polymers (Pearce 
et al. 1978 cited in Susott 1982). Very little information 
is available on the identity of plant components that 
decompose above 400 C.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
B. STUDY OBJECTIVES
Five of the forty-three fuels used by Susott (1982) 
were selected for further study because of distinct DTG
peaks from unknown components in their tissues. Western 
larch (Larix occidentalis Nutt.) wood had a relatively large 
peak between 300 and 350 C (Figure la) where a small
shoulder prior to the main cellulose-derived peak is more 
typical in most woody tissues (Susott 1982). Douglas-fir 
(Pseudotsuqa menziesii (Mirb.) Franco) bark was 
characterized by a distinct DTG peak above 400 C
(Figure 2a). Like Douglas-fir bark, the foliage of some
plant species also exhibited peaks of unknown origin above 
400 C, I examined three foliage samples, gallberry (Ilex 
glabra (L.)Gray) (Figure 3a), ponderosa pine (Pinus 
ponderosa Laws.) (Figure 3c), and big sagebrush (Artemisia 
tridentata Nutt.) (Figure 3e), chemically and
thermogravimetrically (TG), along with larch wood and 
Douglas-fir bark, to identify the sources of these volatiles 
generated during thermal decomposition.
While working to identify the unknown components in the 
above plant tissues, I found it useful to observe the 
changes in size of the DTG peaks. For example, after larch 
lumber was water extracted, the DTG peak of interest 
disappeared indicating that the unknown component was 
removed by the treatment. Similarly, removal of extractives
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 1. Larch lumber DTG curves. (a) Larch lumber;
(b) water-extracted larch lumber; (c) reference
arabinogalactan (AG) sample (actual peak is double the size 
shown) ; and (d) the second readdition of AG to 
water-extracted larch lumber.
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Figure 2. Douglas-fir bark DTG curves. (a) Whole 
Douglas-fir bark; (b) cork fraction of Douglas-fir bark 
(dotted line) and extractive-free cork (solid line);
(c) residue after alkaline hydrolysis of extractive-free 
cork and subsequent extractions with ether and ethanol; and
(d) residue after dioxane-HCl treatment of extractive-free 
cork (solid line) and the precipitate from the dioxane 
solution (dotted line).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 3. DTG curves of qualitative foliage samples, 
(a) Whole gallberry leaves; (b) cuticle isolated from 
gallberry leaves; (c) whole ponderosa pine needles;
(d) cuticle isolated from ponderosa pine needles; (e) whole 
sagebrush leaves; and (f) cuticle isolated from sagebrush 
leaves.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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in Douglas-fir cork increased the height of the DTG peak 
above 400 C, indicating the extractive-free cork contained 
the unknown component in a more concentrated form. In all 
casesr the use of DTG peaks to follow the progress of the 
investigation was limited to a qualitative analysis of what 
was present: a larger peak meant more material was there
and a smaller peak meant less material was there,
I investigated the possible use of thermogravimetry to 
quantitatively assess the components within plant tissues by 
examining the cuticles of leaves from broad-leaf trees and 
shrubs. The plant cuticle was chosen for several reasons. 
First, the results of my qualitative work identified the 
temperature region in which cutin, the major structural 
component of the cuticle, decomposes. Second, the plant 
materials were readily available in large quantities.
Finally, isolation of cuticular membranes and their 
constituent "cutin" acids is an easy, but time-consuming, 
process which is well-documented in the literature (see 
below), This allowed for a comparison between the results 
from the TG analysis and those from a more traditional
chemical method.
Leaves were collected from sites in Austin TX (by Dr,
Barbara Ertter) and Missoula MT, with the exception of
gallberry. The use of gallberry allowed for extension of 
the qualitative work and provided at least one species known
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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to have large quantities of cutin in its tissues (based on 
the qualitative work). The four species from Austin TX were 
selected to show the possible usefulness of this type of 
analysis on a wide range of species and also to evaluate, in 
a limited way, the effects of the different environments on 
the amount of cutin within the cuticle.
In summary, there were two objectives for this 
investigation: (a) to isolate and identify the unknown
sources of volatiles generated during thermal decomposition 
of western larch wood, Douglas-fir bark, and foliage samples 
from three species; and (b) to evaluate the usefulness of 
thermogravimetric analysis for quantifying the components 
within tissues by examining the cutin content of eight 
species: Siberian elm, paper birch, northern red oak,
gallberry, sycamore, Texas red oak, yaupon, and laurel 
cherry.
C. ABOUT THE CUTICLE AND CUTIN
The cuticle is a non-cellular membrane in which the 
chief structural material is cutin (Baker and Martin 1963) . 
Its primary role is to protect the aerial parts of the plant 
from the surrounding environment (Holloway 1977). As a 
result of its importance to plants, the nature of the 
cuticular membrane has been studied extensively and several 
reviews have been published in recent years to summarize the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
current information on cuticle structure (Martin and Juniper 
1970, Holloway 1982a) and chemistry (Kolattukudy 1980, 
Holloway 1982b). The proceedings of a symposium held by the 
Linnean Society of London in September 1980 includes the 
most recent research efforts within this field. A brief 
overview of the current state of knowledge on the cuticle 
and cutin follows.
The cuticle's role as a boundary layer between the 
plant and its environment has importance in three ways; 
physiological, chemical and pathological. Physiologically, 
the cuticle may protect the interior tissues from damage by 
wind, frost, radiation, and physical abrasion. The presence 
of waxes, both within (cuticular waxes) and covering the 
cuticle (epicuticular waxes), aids in prevention of water 
loss and, to a large extent, conservation of leachable plant 
components, such as calcium, phosphorus, and potassium
(Martin and Juniper 1970). The resistance of the cuticle to 
water passage is not complete. Some cuticular transpiration 
may occur when the stomata are closed (only 90% of the water 
loss from a leaf occurs by diffusion through the stomata) 
(Martin and Juniper 19.70) , and the ecological effects of
plant leachates on the surrounding microhabitat have been
explored (Tukey and Mecklenburg 1964, Carlisle et al.
1966) . The wax content of the cuticle may, however, prevent 
water from entering the plant from the surface by increasing
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the contact angle of water droplets so much that the leaf is 
essentially water-repellent (Silva Fernandes 1965a).
This water repellency affects the action of herbicides 
on the plant, thus entering into the chemical function of 
the plant cuticle. The possible entry routes for 
foliar-applied chemicals, such as 2,4-D, include the intact, 
stomata-free cuticle, stomata, ectodesmata, cracks and 
punctures (Silva Fernandes 1965b). Cuticular entrance would 
be especially easy at those places on the leaf where the 
cuticle is thinner (over large veins and on trichomes) 
(Silva Fernandes 1965b, Baker and Bukovac 1971). Baker and 
Bukovac (1971) showed that 2,4-D sorption by cuticular 
membranes of several weed species was inversely related to 
the amounts of cuticular wax within the membrane. The 
agricultural ramifications of chemicals penetrating through 
the cuticle are still being investigated (Baker et al. 
1982),
Another area that has agricultural significance is the 
role of the cuticle in protecting against pathogen invasion 
of the plant. Economic losses resulting from fungal 
invasion following cracking of the skins of mature tomato 
fruits has stressed the study of the chemical properties of 
the cuticle (Martin and Juniper 1970, Baker et al. 1982).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The thickness and composition of the cuticular membrane 
varies with the type and growth habit of the plant (Baker 
1970)r with the organ used for examination (Kolattukudy
1980)r and with the age of the tissue examined (Baker et al, 
1982) . In general, thin, delicate membranes are common
coverings for leaf tissues of deciduous herbs (Baker and 
Martin 1967, Baker et al, 1982) while thick, heavily
cutinized membranes are found on xerophytes, evergreens and 
fruits (Baker 1970, Holloway 1974, Baker et al, 1982,
Holloway and Baker 1970), There is also some evidence for 
differences in the cuticle composition from the abaxial and 
adaxial surfaces of the same leaf (Kolattukudy 1980,
Holloway 1982b),
The cuticular membrane is composed of several layers 
that intergrade into one another and into the outer walls of 
the epidermal cells (Baker and Martin 1963, Silva Fernandes 
et al, 1964, Martin and Juniper 1970, Holloway 1982a). 
This is the cuticle in its broadest sense, defined both by
its location on the plant and its chemical nature. In a
schematic representation of the plant cuticle, four main 
layers have traditionally been defined. The first layer is 
composed of epicuticular waxes, which have a unique 
crystalline structure characteristic of each species. The 
second layer is the cuticle proper, which contains cutin in 
parallel lamellae alternating with lamellae of wax; this
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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layer seldom exceeds 1 micron in thickness (Holloway 1977). 
Below this is the cuticular layer, or cutinized layer, 
containing cellulose, carbohydrates and pectin, considered 
by some to be part of the cell wall (Kolattukudy 1980, 
Holloway 1982a). The final layer is composed of pectin and 
is thought to join the cuticular membrane to the cell wall 
of the underlying epidermis (Kolattukudy 1980, Holloway 
1982a). The pectin layer itself often appears to be 
continuous with the middle lamellae on the anticlinal 
surfaces of the same cell. Some cutin-containing layers can 
occur beneath the pectin layer, and have been identified as 
cutinized secondary cell wall. (Martin and Juniper 1970, 
Kolattukudy 1980, Holloway 1982a).
As mentioned above, the cuticular membrane is 
characterized by the presence of cutin throughout (Holloway 
1982a). Cutin is a hydroxy fatty acid polymer held together 
mostly by intermonomer ester linkages (Kolattukudy 1980). 
Cutin is composed of monomers that are generally shorter 
chained 16"^ 18̂  acids, and may have a phenolic content 
amounting to less than 1% of the polymer's weight 
(Kolattukudy 1980). Suberin, which is chemically very 
similar to cutin, is composed of longer chained 
acids and has a very high phenolic content. Some of the 
more common cutin acids isolated from angiosperm cutins are 
10,16-dihydroxyhexadecanoic acid, 16-hydroxyhexadecanoic
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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acid and 9,10,18-trihydroxyhexadecanoic acid (Baker and 
Holloway 1970, Baker and Martin 1967, Holloway 1973, 1982b). 
There appears to be little difference between gymnosperm and 
angiosperm cutins (Holloway 1982b) or between the cutin of 
monocotyledons and dicotyledons (Baker and Holloway 1970).
Through experimentation using labelled precursors, the 
various biosynthetic pathways for cutin have been discovered
(Kolattukudy 1980) . The starting point incorporates
acetyl-CoA and seven malonyl-CoA into the thioester form of 
hexadecanoic acid. This long chain is hydroxylated in
midchain, aided by a mixed functional oxidase, to form 
monomers. The C^g monomers are formed by epoxidation of 
octadec-9-enoic acid or octadec-9,12-dienoic acid, followed 
by hydration of the epoxide. These monomer formations are 
carried out in the cytoplasm of epidermal cells in 
microsomal organelles and Golgi bodies. While still 
soluble, the monomers are transported through the cell wall 
to the outermost surface of the cells. An enzyme, 
identified as hydroxyacyl-CoA: cutin transacylase, is
located in the cuticular matrix and is responsible for
converting the cutin monomers into a polymer by esterifying 
the carboxyl ends of incoming monomers with free hydroxyl
groups on the polymer already formed. The insoluble cutin 
is thus deposited at the interface between the cell wall and 
the developing cuticular membrane. (Holloway 1977, 1982b,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Kolattukudy 1980)
The insoluble nature of cutin is responsible for its 
persistence and durability. Although certain microbes in 
the soil can easily degrade it, cuticles have been isolated 
from fossil deposits of plant fragments dated from as early 
as the Devonian (Walton 1953 cited in Martin and Juniper 
1970). Cutin is partly degraded after being consumed by 
animals but is still a significant component in sewage 
sludge (Kolattukudy 1980), The action of pancreatic lipase 
is responsible for cutin degradation in mammals. Secretions 
of cutinase by fungal pathogens and saprophytes and by
germinating pollen on the stigmas have also been found to
break down cutin (Kolattukudy 1980, Martin and Juniper 
1970).
Since cutin is so durable and insoluble, simple
isolation by solvent extraction does not yield cutin in a 
pure form. The fact that cutin is concentrated in the 
cuticular membrane aids in isolating it either by enzymatic 
disruption of the pectinaceous layer (Orgell 1955) or by 
degradation of the underlying cells. Since cutin is
resistant to strong mineral acid, an acidic solution can be 
used to digest cellular tissues (Martin and Juniper 1970). 
Huelin and Gallop (1951) isolated cuticular membranes by 
treatment with dilute ammonium oxalate-oxalic acid and then 
used zinc chloride-hydrochloric acid to remove attached
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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remnants of epidermal cells. Direct use of zinc 
chloride-hydrochloric acid will also liberate plant cuticles 
(Holloway and Baker 1968).
Once the cuticles are isolated, cutin can be chemically 
examined by looking at the ester-bound monomers. Several 
methods have been used for depolymerization of cutin 
including alkaline hydrolysis (Huelin and Gallop 1951) and 
transestérification (Holloway and Deas 1973). The type of 
analysis being performed may influence the choice of method 
since there are advantages and disadvantages to each method 
(Kolattukudy 1980). For instance, Holloway and Deas (1973) 
showed that use of alcoholic KOH for depolymerization masks 
the presence of any epoxy acids in cutins or suberins by 
converting them into other compounds. For determining the 
amount of cutin present, either by weight loss during 
saponification or by the preferred (Baker and Martin 1967, 
Holloway 1982b) method of assessing the yield of soluble 
depolymerization products, the use of alcoholic KOH is 
generally acceptable.
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CHAPTER 2 
MATERIALS AND METHODS
A. QUALITATIVE ANALYSIS
Samples. A piece of larch lumber, a piece of heartwood 
split from a larch log, whole Douglas-fir bark, and cork 
separated from the bark by hand, were ground in a Wiley mill 
to pass a 20-mesh screen. Those portions retained on an 
80-mesh screen were used in subsequent experiments. Fresh 
ponderosa pine needles were collected on the University of 
Montana campus during September 1983 and sagebrush branches 
were gathered from plants at Ferma, Montana in December 
1982. Both were air-dried before treatment. The gallberry 
leaves, provided by the Northern Forest Fire Laboratory, had 
been freeze-dried and stored in a screw cap plastic 
container in the freezer. The larch lumber, Douglas-fir
bark, and gallberry leaves were the same samples used for 
combustible gas analysis by Susott (1982). Arabinogalactan 
was purchased for use as a standard reference sample..
Thermoaravimetry and Moisture Cgntght. TG analysis of 
the original samples and chemically treated materials was 
performed at the USDA, Forest Service, Northern Forest Fire 
Laboratory. The DTG was calculated numerically from the
16
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
17
weight loss curve. The moisture content of each sample was 
determined from the percentage of weight loss up to 140 C 
during TG analysis (Susott 1980), Normally, samples of 5 to 
6 mg were heated from 20 to 500 C at 20 C/min in a nitrogen 
purge (200 ml/min).
Larch Analysis. The procedure used for the extraction 
and isolation of arabinogalactan was modified from Adams 
(1960) and White (1941). Ground wood (10 g) was added to 
175 ml distilled water and stirred for 24 hours at room
temperature. The wood was removed by filtration and
re-extracted twice more, using the same procedure and
followed by a final 175 ml water wash. The wood was dried
at 40 C and the moisture content was determined by drying a 
small portion at 110 C for 24 hours. The filtrates and wash 
were combined and concentrated to a volume of 20 ml, then 
evaporated to dryness at 40 C. The dried residue was 
redissolved in 10 ml water, and 95% ethanol was added to 
form a 45% alcoholic solution with a fine inorganic 
precipitate (White 1941) that was removed by filtration. 
The filtrate was rapidly stirred during the addition of 95% 
ethanol to form a 70% ethanolic solution. The white, flaky 
precipitate of arabinogalactan (AG) was isolated by 
centrifugation. The AG was purified by dissolving in 10 ml 
water and reprecipitating with 95% ethanol (70% alcoholic 
solution) a total of three times. The final AG was dried at
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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40 C and stored in a desiccator. Duplicate samples were
extracted.
Reference AG was re-added to water extracted larch wood 
by combining five grams of the water extracted wood with 0.3 
gm of reference AG dissolved in 50 ml distilled water. The 
water was evaporated and the wood air-dried for TG analysis.
To prepare for gas chromatographic (GC) analysis the
reference and extracted AG {30 mg) were each hydrolyzed by
refluxing one hour with 4 gm of 50% (by weight)
trifluoroacetic acid (TFA) (Fengel and Wegener 1979). The 
TFA was removed by reduced pressure, then 10 ml of water 
were added to the dry residue and removed by reduced 
pressure; this was repeated once again. The dry 
hydrolysates were dissolved in 5 ml water and stored in the 
refrigerator. Immediately before analysis, the hydrolysates 
(0.5 ml) were dried by reduced pressure. They were 
transferred with two 0.25 ml aliquots of 1-raethyl-imidazol 
(MI), and two 0.25 ml portions of stock solution (0.25 gm 
hydroxylamine hydrochloride in 2.5 ml MI) into separate 
small vials containing 5 mg sorbitol (Chen and McGinnis
1981). The contents of the vials were heated for 5 minutes 
at 50 C. After heating, 0.3 ml acetic anhydride was added 
and five minutes were allowed to elapse before 1 ml 
chloroform and 2 ml water were shaken with the contents of 
the vials. The top water layer was removed and the
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chlorotorm layer washed four times with additional 2 ml 
water portions. The chloroform was dried with anhydrous 
sodium sulfate and stored in the refrigerator. The 
derivatized sugars in each were analyzed by GC with the 
following conditions: digital integration, nitrogen carrier
gas, on a 3 m X 2.2 mm o.d. nickel column packed with 3% 
OV-225 plus 2.5% HI-EFF-9BP on 80-100 mesh Gas-Chrom Q, 
isothermal 210 C temperature.
Douglas-fir Bark Analysis. Extractive-free cork was 
prepared with an azeotropic mixture of methyl ethyl ketone 
and water that removes 97% of the extractives (Hergert
1958). One gram of cork was placed in a cellulose thimble 
and Soxhlet extracted for 4 hours (or until the solvent was 
clear), air-dried and then Soxhlet extracted with hot water 
for about 2.5 hours. The cork residue was dried in a 100 C 
oven.
Alkaline hydrolysis of suberin was accomplished with 
two grams of whole cork that was extracted as above and then 
refluxed for 4 hours with 5% aqueous sodium hydroxide
solution (Fahey and Kurth 1957) . The solution and remaining
solids were cooled and the pH adjusted to 1.5 with 
concentrated hydrochloric acid. The precipitate formed was 
filtered, washed with about 25 ml water and dried in a 100 C 
oven. The dried residue was Soxhlet extracted with ethyl 
ether for about 3 hours to remove hydroxy-fatty acids
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(Hergert 1958). The solvent was then changed to ethanol for 
about 2.5 hours to take out phenolic acids (Fahey and Kurth 
1957, Hergert 1958). The residue was dried, first at room 
temperature, then at 100 C.
Suberin was extracted from one gram of extractive-free 
cork by refluxing about 6 hours with p-dioxane containing 1% 
hydrochloric acid by volume (Hergert 1958). The dioxane-HCl 
was removed by filtration and the residue was washed with a 
small amount of hot dioxane, then air-dried. The 
dioxane-HCl solution was evaporated to about 25 ml, then 
poured into excess water. The suberin precipitate collected 
by suction filtration was washed with water and air-dried.
Foliage Analysis. Freeze-dried gallberry leaves were 
moistened by immersing them in warm water for 45 minutes 
before attempting to remove cuticular membranes. Air-dried 
ponderosa pine needles and sagebrush leaves were used as a 
source of cuticles. Cellular tissues were degraded from 
beneath the cuticular membranes by placing cut foliage 
sections in concentrated hydrochloric acid (Martin and 
Juniper 1970). The acid was rinsed off with water and the 
degraded leaves were stored in water while the cuticles were 
cleansed of cellular debris. The cuticular membranes of 
gallberry and sagebrush were cleansed by gently rubbing 
under water, while ponderosa pine needles were split 
lengthwise, then scraped clean. The cuticles were
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air-dried.
A sample of extractive-free leaves was prepared by
continuously extracting whole leaves with diethyl ether for 
48 hours (Shafizadeh et al, 1977). After briefly air
drying, they were further extracted with benzene-ethanol 
(2:1) for 48 hours. Cuticles were removed from these 
extractive-free leaves as described above.
Dioxane-HCl was used to remove cutin from gallberry and
ponderosa pine cuticles. About 0,25 gm of unextracted
cuticle were refluxed for 4.5 hours (gallberry) or 8 hours 
(ponderosa pine) with 50 ml dioxane-HCl solution (see
Douglas-fir bark analysis). The residues were air-dried. A
cutin precipitate was isolated from the ponderosa pine 
dioxane by reducing the volume of the filtered solution to 2
ml and pouring this into an excess of water. The
precipitate was collected by filtration, washed with minimal 
water and then air-dried,
Ponderosa pine cuticles (0,25 gm) were hydrolyzed by 
refluxing with 50 ml of 5% aqueous sodium hydroxide for 4 
hours. After cooling, the solution and remaining particles 
were adjusted to pH 1,5 using concentrated hydrochloric 
acid. The precipitate formed was filtered and washed with 
10 ml water, then air-dried. Hydrolysis products were
Soxhlet extracted with diethyl ether for 6 hours followed by
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ethanol for 3 hours. The residual material was air-dried.
B. QUANTITATIVE ANALYSIS
Foliage Samples. Leaves from eight species of trees 
and shrubs were collected (Table 1). A sample composed of 
two sets of disks was produced by taking five leaves of a 
species, punching two disks from each leaf with a cork borer 
(1.242 cm diameter), and allowing these paired sets to air 
dry. Care was taken to ensure that only one disk from each 
leaf was in each set of the sample. Five such samples were 
prepared from each species.
Thermogravimetry. One set of disks from the sample was 
prepared for analysis by TG. The five dried disks in the 
set were weighed (these weights are reported in Appendix A) 
and then cut in half, thus forming two samples. Sample A 
was crumbled inside of weighing paper and saved for 
analysis. Sample B was refluxed for three hours with 
methanol to remove pigments and waxes, air dried, and 
reweighed. This also was crumbled and saved for analysis.
TG analysis of these prepared samples was performed at 
the Department of Chemistry, University of Montana, 
Missoula, MT. Typically, a sample weighing 4 to 5 mg was 
heated in a nitrogen atmosphere to 100 C and held at that 
temperature for two minutes to remove moisture. The sample
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Common Name
1. Siberian Elm
2. Paper Birch
3. Northern Red Oak
4. Gallberry
5. Sycamore
6. Texas Red Oak
7. Yaupon
8. Laurel Cherry
Species
Ulmus pumila L.
Betula paoyrifera 
Marsh.
Quercus boreal is 
Michx.
Ilex glabra (L.)
Gray
Platanus occidental is 
L.
Quercus texana Buckl. 
Ilex vomitoria Ait.
Prunus caroliniana 
[MTll.) Ait.
Collection Site
U. of MT campus, Missoula
U. of MT campus, 
Missoula
U. of MT campus, 
Missoula
Florida*
U. of TX campus, 
Austin
Walnut Creek Park, 
Austin, TX
Walnut Creek Park, 
Austin, TX
U. of TX campus, 
Austin
Description
senescing leaves on deciduous tree
senescing leaves on 
deciduous tree
senescing leaves on 
deciduous tree
evergreen shrub
senescent leaves on 
deciduous tree
senescent leaves on 
deciduous tree
evergreen shrub 
evergreen shrub
*Freeze-dried, whole gallberry leaves from Florida were provided by the USDA, Forest Service, Northern Forest Fire Laboratory; exact location of collection is unknown. This is the same sample used in Susott's studies (1979, 1982) and in the quantitative portion of this study,
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was then heated to 500 C at a rate of 20 C/min to obtain the 
weight loss (TG) curve. Ashing was initiated at 500 C by 
introducing oxygen into the sample chamber/ furnace area 
while the temperature was increased to 600 C at a rate of 30 
C/min.
When sampling was terminated, plots were made of (1) 
weight and temperature versus time, and (2) weight and the 
derivative of the TG (DTG) versus temperature. The amount 
of cutin in each sample was calculated from the difference 
between the sample weight at 400 C and at 500 C. This value 
was then divided by the percentage of the total sample
weight used in TG analysis and divided by the leaf area in 
order to compare the cutin estimates from the "TG method"
and the "chemical method" (see Appendix A ) .
Isolation and Determination af Cutin. The second set 
of disks was used to quantify the amount of cutin in a more 
traditional fashion. The dried disks (weights are recorded 
in Appendix A) were refluxed for three hours in methanol to 
remove pigments and waxes, air dried, and then weighed. The 
cuticular membranes were removed from some of the disks by 
refluxing them for three hours in 10 ml of 1.6% ammonium 
oxalate-0.4% oxalic acid solution (Baker et al. 1964). 
Since this solution did not remove the cuticular membranes
from a majority of the species examined (only Siberian elm,
paper birch and gallberry responded well to this treatment),
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10 ml of a solution of 106 g zinc chloride in 180 ml
concentrated hydrochloric acid (Baker and Bukovac 1971) were 
used to degrade the cellular leaf tissues. This treatment 
released the cuticular membranes from the disks of the 
remaining species within three hours. The freed cuticles 
were washed in water to remove cellular debris and treatment 
residues y then placed in a clean petri dish to air dry.
Fragmentation of less-developed cuticular membranes made 
quantitative measurements difficult.
Refluxing with 10 ml of a 3% ethanolic potassium
hydroxide solution (Baker 1970, Holloway 1982b) 
depolymerized the cutin within the isolated cuticles. Solid 
residue was removed from solution by gravity filtration 
through a weighed piece of filter paper. The round bottom 
refluxing flask was rinsed with 5 ml of fresh ethanol and 
the rinse used as a wash for the cuticular residue. The 
combined filtrates were set aside and stoppered until used. 
The refluxing flask and residue were rinsed with 5 to 10 ml 
of water. The cuticular residue was air dried on the filter 
paper.
The ethanolic filtrates were acidified using one ml of 
concentrated hydrochloric acid to form a white precipitate. 
The ethanol was removed by heating in a 100 C oven and the 
dried residue suspended in 10 ml of distilled water. The 
water was extracted once with 6 ml of diethyl ether. The
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water layer was drawn off, and the ether layer, containing
cutin acids liberated in the hydrolytic process, was
evaporated onto a piece of filter paper. The filter paper 
was dried for 5 minutes at 100 C both before and after 
transfer of the cutin acids, then cooled before reweighing, 
to ensure that any weight change of the paper was due only
to the ether solubles. The weight of the recovered
ether-solubles was used to assess the amount of cutin within 
the cuticles (see Appendix A ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 3 
RESULTS AND DISCUSSION
A. QUALITATIVE ANALYSIS
Larch wood. After water extraction, TG analysis of the 
larch wood residue confirmed the removal of the unknown peak 
between 300 C and 350 C (Figure 1). Water removed 7,2% of 
the original heartwood weight and 50.3% of the extract was 
precipitated from an alcoholic solution as arabinogalactan 
(White 1941), thus confirming the precipitate as a major 
constituent in the extract. Identification of the 
precipitate as arabinogalactan was accomplished by 
comparison of its hydrolysis products with arabinose and 
galactose in the hydrolysate of reference arabinogalactan. 
Chromatograms of the two solutions were nearly identical and 
the sugars were present in roughly the same ratio,
Arabinogalactan is abundant in larch (Adams 1960, 
Browning 1967, White 1941), reaching concentrations of 35% 
in the heartwood of some species (Clarke et al. 1979). 
This compound is a water-soluble hemicellulose associated 
with the cell walls and distinguishes larch wood chemically 
from other coniferous woods. Pyrolysis of the reference
27
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arabinogalactan (Figure le) revealed a slight decomposition 
near 200 C and major degradation between 260 and 350 C with 
the maximum rate of decomposition occurring at 315 C. A 
similar thermal decomposition range for arabinogalactan has 
been reported by Beall (1969) and Chochieva et al. (1977).
Re-addition of reference arabinogalactan (5.9% by 
weight) to the water-extracted wood sample increased the 
height and width of the shoulder prior to the cellulose 
peak. Further addition of reference arabinogalactan to the 
above sample (now 11.2% AG) produced a greater increase in 
the height and width of this peak, while a proportional 
decrease was observed for the height of the 350 to 400 C 
peak from cellulose (Figure Id).
This provided sufficient evidence that the main 
component of the water extract was arabinogalactan and, 
therefore, responsible for the additional larch wood DTG 
peak. It also indicates that the thermal properties of 
arabinogalactan and the extracted wood are nearly additive 
with only minor thermal interactions between the two. The 
same appears to be true for these components in the original 
wood.
DouQlas-flr Bark. Douglas-fir bark on older trees is 
fairly thick,ranging from about 1 inch up to 24 inches 
(Grilles 1956). Macroscopically, it can be divided into
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three components by mechanical separation: cork layers,
needle-like bast fibers and reddish-brown dead phloem
tissues (Grilles 1956, Kurth 1949), The cork layers in
mature bark can account for over 50% of the weight (Hergert 
and Kurth 1952) but averages between 30-50% (Krahmer and
Wellons 1973). TG analysis of mechanically separated cork 
and non-cork fractions showed a greater concentration of the 
unknown substance (as evidenced by a larger 400-475 C peak 
in its DTG curve) in the cork fraction (Figure 2b). For 
this reason, further investigations centered on the chemical 
composition of the cork.
The extractives have been reported to be a major and 
valuable component of Douglas-fir cork (Hergert 1958, 
Krahmer and Wellons 1973, Kurth 1949, 1953, Laver et al.
1977, Litvay and Krahmer 1977). Compounds such as 
dihydroquercetin, tannins, waxes and other phenolics can 
together amount to more than one-third of the cork's weight 
(Krahmer and Wellons 1973). Our sample contained 40% (dry 
weight basis) extractives, but their removal did not reduce 
the 400-475 C DTG peak. Instead, the extractive-free cork 
appeared to be enriched with the substance responsible for 
these volatiles (contrast peak sizes and shapes in 
Figure 2b).
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With 97% of the extractives removed, the cork residue 
consists mainly of cell wall. According to Krahmer and 
Wellons (1973), the cell wall of cork is largely suberin, 
with smaller proportions of carbohydrate and lignin also 
present, Suberin is a complex polymer of hydroxy fatty 
acids esterified to phenolic acids (Browning 1967, Hergert 
and Kurth 1952, Kolattukudy 1980). This material is usually 
deposited in contact with the inside of the cell wall and is 
closely associated with waxes (non-polar lipids resembling 
beeswax). The chemistry of suberin is linked with that of 
cutin and waxes and, in early literature, differentiation 
between these substances (especially cutin and suberin) was 
not well understood. Kolattukudy (1980) has provided a 
comprehensive report on the advances made in this area.
Solvent extraction after alkaline hydrolysis (which 
produces free hydroxy acids and phenolic compounds) removed 
91% of the extractive-free cork weight, compared with 82-85% 
reported in the literature (Hergert and Kurth 1952). TG 
analysis of the products demonstrated a major reduction in 
the size of the 400-475 C peak after extraction of the 
hydroxy acids with ether (Hergert 1958) and a further 
reduction after extraction of the phenolic acids with 
ethanol (Fahey and Kurth 1957, Hergert 1958) (Figure 2c).
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Dioxane-HCl reagent also removes suberin (Hergert and 
Kurth 1952) , Our extractive-free cork contained 58% 
dioxane-HCl soluble material and the crude suberin 
precipitate from the dioxane-HCl solution was recovered in a 
53% yield. This compares with the 35-45% of suberin in bark 
reported by Browning (1967). TG analysis of both the
extracted cork and the precipitate from the extract (Figure
2d) supported the hypothesis that suberin was responsible 
for the 400-475 C DTG peak. The residue (Figure 2d, solid 
line) remaining after extraction is presumably the 
carbohydrates and lignin mentioned earlier. The peak 
between 100 and 200 C is probably due to residual dioxane.
Foliage Samples. The chemical constituent responsible 
for the 400 to 475 C DTG peak in whole gallberry leaves
(Figure 3a), ponderosa pine needles (Figure3c) and sagebrush 
leaves (Figure 3e) was associated with the cuticular 
membranes (Figures 3b, 3d, and 3f, respectively) isolated by 
the acid degradation of the cellular components. Removal of 
the extractives and subsequent isolation of the cuticular 
membranes (Figures 4a and 4b) further enhanced the high 
temperature volatiles.
Extracting cutin from the membranes with dioxane-HCl 
solution (Figure 4c) or alcoholic sodium hydroxide greatly
reduced the volatiles above 400 C. A cutin precipitate from 
the ponderosa pine dioxane-HCl solution (Figure 4d) showed a
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Figure 4. Typical DTG curves from qualitative foliage
analysis. (a) Extractive-free gallberry leaves;
(b) cuticle isolated from extractive-free gallberry leaves;
(c) gallberry cuticle after dioxane-HCl treatment; and
(d) precipitate from ponderosa pine dioxane.
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wide thermal decomposition range with the maximum rate 
occurring near 400 C. From this evidence, it can be 
concluded that cutin on the epidermis of plant foliage is 
the chemical source of high temperature combustible 
volatiles.
B. QUANTITATIVE ANALYSIS
The results of the methods used to assess the cutin 
content of foliage samples are summarized in Table 2. Both 
thermogravimetric values (from samples A and B) are 
included.
As was expected, the two TG cutin estimates are highly 
correlated with each other (the correlation coefficient is 
0.937). The TG-A estimate (from unextracted Sample A) is 
consistently larger than the TG-B estimate (from extracted 
Sample B). This difference in the TG estimates can be 
explained by the degradation of some extractable materials 
in the region between 400 and 500 C, thus increasing the 
cutin estimate for sample A. This fact can also be 
demonstrated by comparing the shapes of the DTG peaks above 
400 C for unextracted and extracted samples of each species 
(Figures 5-12) . Notice that, in most cases, the size of the 
DTG peak above 400 C increases after removal of the 
extractives. For this reason, the TG-B estimate was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
34
Table 2_t Comparison af cutin assay methods. The means of 
each estimate (and standard deviations) are given for each
Thespecies examined as well as 
values reported are in: 
surface area.
the totals 
mg cutin
for all 
per cm
species. 
squared
Species N TG-A TG-B ES •
1. Siberian Elm 5 1.14
(.10)
0.63
(.02)
1.16
(.31)
2, Paper Birch 5 0.90
(.08)
0.53
(.05)
0.86
(.21)
3. Northern Red Oak 5 1.05
(.18)
0.61
(.12)
0.68
(.37)
4. Gallberry 5 2.95
(.06)
1.97
(.18)
1.33
(.19)
5, Sycamore 5 1.17
(.09)
0.95
(.12)
0.76
(.20)
6. Texas Red Oak 5 0.87
(.09)
0.77
(.06)
0.84
(.27)
7. Yaupon 5 1.84
(.22)
1.48
(.10)
0.86
(.27)
8. Laurel Cherry 5 1.66
(.20)
1.20
(.13)
0,87
(.08)
Total 40 1.45(.67)
1.02
(.49)
0.92
(.31)
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Figure 5. Average TG and DTG curves for (a) whole Siberian
elm leaves and (b) extractive-free Siberian elm leaves.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
35
100 -0.16
DTG
0.08
4 - î
JZen
(U3 ■0.04
Q
+JEO)
(DQ.
0.16100
DTG 0.12
,0.08
0.04
300 400200
<11
3C
CO
u
tas-
TEMPERATURE, DEGREE C
Figure 5
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 6. Average TG and DTG curves for (a) whole paper
birch leaves and (b) extractive-free paper birch leaves.
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Figure 7. Average TG and DTG curves for (a) whole northern
red oak leaves and (b) extractive-free northern red oak
leaves.
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Figure 8. Average TG and DTG curves for (a) whole gallberry
leaves and (b) extractive-free gallberry leaves.
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Figure 9. Average TG and DTG curves for (a) whole sycamore
leave and (b) extractive-free sycamore leaves.
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Figure 10. Average TG and DTG curves for (a) whole Taxas
red oak leaves and (b) extractive-free Texas red oak leaves.
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Figure 11. Average TG and DTG curves for (a) whole yaupon
leaves and (b) extractive-free yaupon leaves.
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Figure 12. Average TG and DTG curves for (a) whole laurel
cherry leaves and (b) extractive-free laurel cherry leaves.
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considered to be more appropriate for comparisons between 
the TG method and the chemical method, since those plant 
materials were also extracted with methanol beforehand.
Although this hypothesis may be theoretically sound, 
the actual correlation between the TG-B and the ether 
soluble (ES) estimates was 0.356 while the correlation 
between TG-A and ES estimates was 0.442. While these values 
are not as large as the correlation between TG-A and TG-B, 
the significance levels for these correlations were both
less than 0.05. This indicates that the observed
correlation is not due to chance alone and attests to a 
definite relationship between the pairs of variables.
As with the relationship between the TG-A and TG-B 
estimates, it was thought that the TG-B estimates would, in 
general, be larger than the ES estimates. The TG method 
should detect and account for all parts of cutin structure 
while some of the cutin depolymerization products freed
during the treatment with ethanolic KOH may not be ether 
soluble. No information was found concerning the presence 
of non-ether soluble cutin depolymerization products; 
however, the phenolic constituents of suberin were removed 
during ethanol extraction of the depolymerized substance 
(see above). The presence of phenolic constituents within 
cutin is low (Kolattukudy 1980) but would not be included in 
the ES cutin estimate, thus lowering the ES estimate in
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relation to the TG-B estimate, A detailed investigation of 
cutin (Baker et al, 1964) reported that cutin acids account 
for only 56-58% of the membranes of a Euonymus leaf. The 
results (represented graphically in Figure 13) reveal that 
only half of the species studied showed the TG-B estimates 
to be greater than the ES estimates. On closer examination 
of these four species (gallberry, sycamore, laurel cherry, 
and yaupon), it can be noted that three of them are 
evergreen species, although this may not be a determining 
factor,
While the three estimates show differences among 
themselves, there are also statistically significant 
differences in the cutin content of species, between the 
local environmental conditions under which the plants were 
grown, and between deciduous and evergreen growth habits. 
Interestingly, these 'between groups' differences are not 
consistent between estimates so that one interpretation of 
the data can be made using TG-A, another interpretation 
using TG-B, and still another using ES. The ES estimate is 
consistently the least useful of the three since it does not 
distinguish between groups (using a Scheffe's test with a 
0,05 significance level). This difficulty should be evident 
by noting the homogeneous subsets diagrammed in Figure 14,
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Figure 13. The means of the cutin estimates (horizontal 
lines) and the standard error of the means (vertical bars) 
grouped by species. The species numbers correspond to the 
species numbers given in Table 1. (a = TG-A estimate; b = 
TG-B estimate; c * ES estimate)
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Figure 14. Homogeneous subsets of species. Each 
homogeneous subset contains those species with statistically 
equal cutin concentrations based on a Scheffe's test with a 
0.05 significance level. Species numbers correspond to the 
species numbers given in Table 1. Horizontal lines indicate 
homogeneous groups. The species are ordered by increasing 
value of the corresponding cutin estimate.
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The TG-A estimate separates the eight species into 
three distinct groups. The first group contains all five of 
the deciduous species as a homogeneous subset, while the 
three evergreen species are divided into two other groups. 
The TG-B estimate separates the species into five
homogeneous subsets of which three overlap each other. Two 
of the three evergreen species are again separated from the 
remaining species. The ES estimate forms the species into 
two widely overlapping subsets. The only two species that
are significantly different from each other based on this 
estimate are northern red oak and gallberry.
While the ES estimate does not distinguish between 
species, the nature of TG analysis lends itself to species 
distinctions, TG analysis as used here takes into 
consideration the entire leaf tissue and all of its 
components. This includes specific differences in
extractive, lignin, and cellulose contents. Although cutin 
is the major component of leaf tissue that decomposes in the 
region between 400 and 500 C, each of these constituents may 
decompose within this temperature region to an extent. 
Figures 5-12 show how removal of extractives can alter the 
TG curve enough to change the shape of the DTG curve, 
sometimes to a great extent. Lignin is difficult to isolate 
in a pure form, but thermal analysis for combustible 
volatiles from lignin (found by the difference between
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curves for extractive-free samples and holocellulose samples 
of several coniferous needle samples) showed that lignin 
decomposition is limited to temperatures above 300 C, but it 
only amounts to about 20% of the combustible volatiles 
released up to 500 C (Susott 1980). Cellulose decomposes 
between 300 and 400 C with a maximum rate of degradation 
near 350 C, but a small portion of cellulose degradation may 
carry over into the 400 to 500 C region (Figure 15). These 
components may increase the TG estimate above the ES 
estimate, thus biasing the results in favor of the TG 
method.
The taxonomic significance of this work is quite 
limited due to the wide range of unrelated species used. 
Some insights into the taxonomic aspects of this study were 
found by comparing the variation within related genera to 
the variation between genera using an analysis of variance 
(ANOVA) table. The results of two ANOVA's using all three 
estimates are reported in Table 3. When examining the two 
genera fOuercus and Ilex), the ANOVA showed that most of the 
variation was between genera rather than within genera. The 
means of the groups were not statistically equal to each 
other using any of the estimates (F statistic probabilities 
were less than 0.05) . Looking at the four species that are 
in these two genera, the variation is largest between 
species rather than within species. The Ouercus species are
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 15. TG and DTG curves for cellulose. Notice that 
the scale for the DTG curve is five times that reported for 
other samples.
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Table 2lx. ANOVA of genera and related species. The two 
genera analysized are Ilex and Ouercus ? the four species 
used are northern red oak, Texas red oak, gallberry and 
yaupon. The ANOVA tables are grouped by estimates.
Source DF SS MSS F Ratio Sig F
TG-A between genera 1 10.2738 10.2738 52.4429 0.0000
within genera 18 3.5263 0.1959
between species 3 13.4172 4.4724 186.8730 0.0000
within species 16 0.3829 0.0239
TG-B between genera 1 5.3209
within genera 18 0.8900
5.3209 107.6099 0.0000
0.0494
between species 3 5.9767
within species 16 0.2343
1.9922 136.0580 0.0000
0.0146
ES between genera 1 0.5726 0.5726
within genera 18 1.8705 0.1039
5.5099 0.0305
between species 3 1.1719 0.3906
within species 16 1.2711 0.0794
4.9170 0.0131
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
51
statistically similar to each other but the Ilex species are 
not similar. The Scheffe's test (using a 0.05 significance 
level) groups the four species into three distinct 
homogeneous subsets (using TG-A and TG-B estimates) or two 
overlapping subsets (ES estimate). Again the ES estimates 
gave the least useful information. More intensive work is 
necessary to verify any taxonomic importance of these 
methods.
Another aspect of this study that could have some 
importance is the effect that local environmental
characteristics have on the amount of cutin within the 
cuticular membranes. Although it is difficult to make any 
conclusions based on the small sample size used in this
study, there seems to be more cutin within the tissues 
gathered in Austin TX than in those tissues collected in 
Missoula MT (Figure 16a) (here also the ES estimate does not 
distinguish between the groups). The differences observed 
could be due to the species used rather than any effect of 
the environment on the plant tissues. Examination of 
tissues from the same species located in several different
locations may provide additional insight on this question.
The differences between the cutin content of deciduous 
and evergreen species have already been mentioned in 
reference to the relationship between the three estimates, 
and concerning significant differences between species. A
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Figure 16. The means of the cutin estimates (horizontal 
lines) and the standard error of the means (vertical bars) 
grouped (a) by collection site (MT = Missoula, Montana; TX 
= Austin, Texas; Florida is excluded since the exact 
collection site is unknown) and (b) by growth habit (D = 
Deciduous; E = Evergreen), (a = TG-A estimate; b = TG-B 
estimate; c = ES estimate)
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graphic representation of the means of the estimates for 
each group are given in Figure 16b, In general, the 
evergreen species had larger cutin contents than the 
deciduous species based on all three cutin estimators. The 
time of year that the leaves were gathered may have 
influenced these results. The process of senescence may 
cause some breakdown of cutin so that leaves gathered in the 
autumn would show different cutin levels between deciduous 
and evergreen than those gathered in the spring or 
mid-summer. The two growth habits were not significantly 
different within the ES estimate since the F ratio 
probability was greater than 0.05.
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CHAPTER 4
CONCLUSIONS
The usefulness of TG analysis for following the removal 
(or addition) of chemical components in plant tissues has 
been well documented during the course of this study. 
Constituents, such as arabinogalactan, suberin, and cutin, 
which occur in large concentrations within some tissues, 
were easily detected with this method. Purification or 
isolation of the desired component increases its 
concentration within the sample. This, in turn, increases 
the percentage of weight loss in the temperature region in 
which the component decomposes, thus increasing the height 
of the DTG peaK caused by that component. This aspect of TG 
analysis may prove useful in several areas of plant research 
for detection of tissues with relatively large quantities of 
a certain substance, so that subsequent work can be 
conducted on tissues of a desired quality.
The quantitative usefulness of TG analysis is less 
certain from the results of this study. Complications from 
other components within the leaf tissues may have distorted 
the cutin assessment values calculated from the TG curves.
54
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Extractives, cellulose, and lignin are responsible for some 
weight loss in the temperature region between 400 and 500 C. 
A more purified form of the desired component, in this case 
the cuticular membrane, may have eliminated some of the 
interference caused by these other tissue constituents.
While this was detrimental for the quantitative 
assessment of cutin, it did allow the TG estimates to
distinguish between species better than the ES estimate. It 
is possible that the ES method is less accurate than the TG 
method since the ES estimates were more variable than the 
TG-B estimates based on the standard deviations of the
estimates (Table 2). The taxonomic and environmental
significance of TG analysis could not, however, be
accurately determined from the results of this study. More 
extensive work using TG analysis, with another form of
analysis to act as a comparison, would be needed to make any 
conclusions concerning these topics.
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CHAPTER 5
APPENDIX
Raw data and cutin estimates from each of the three 
sets of samples are given in the following table 
(Appendix A). Much of this data consists of weights of the 
tissues at various points during the analyses. DIFF-A and 
DIFF-B represent the loss of tissue weight between 400 C and 
500 C for the unextracted and extractive-free samples, 
respectively, and thus is an estimate of the amount of cutin 
within the tissue sample. The thermogravimetric cutin 
estimates (TG-A and TG-B) were calculated as follows:
ESTIMATE
(Tot^l Wt.)(1000) (Sample W t.)
3.029 cm^
The ES estimate was calculated by dividing the recovered 
ether solubles by leaf area (6.058 cm ).
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'4. >. (^- =  3 S ! g § z = : : % 2 2 2 % % : g S Z  =  S S % S 5 S % %  =  ? : S S S S 3  =  2 ; : % S
e M f n - i f M f N j < N J < n j f n j r u c s j C M C s / f v j c u r s i r u c v i < s t c s * o u c * u r u « M < v i f n j —-  —  —• • ^ ' ^ c u o j c v i c u r uO u  C M  C*U «Ni CŜ  ru
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